In the preliminary communication,1} identification of an aggregation pheromoneof the red flour beetle, Tribolium castaneum, and the confused flour beetle, T. confusum, was reported. This paper gives a detailed account of the work. Ryan and O'Ceallachain first reported the existence of the male-secreted aggregation pheromone of T. confusum.2) The author found that male T. castaneum also produced the aggregation pheromone, and successfully isolated 760 fig of the pheromone from a total 240,000 male equivalents (6,000 males x40 days) of T. castaneum as reported in a previous paper.3) The PMRspectrum of the isolated pheromone ( Fig. 1) suggested that it was a saturated branched aldehyde.
The triplet at 9.76ppm
(1H, /= 1.8Hz) was assigned to a CHOgroup attached to a methylene group (2.42ppm, 2H, dt, /= 1.8 and 7.0Hz ). This methylene group was coupled to the adjacent methylene group (ca. 1.60 ppm, 2H, m, 7=7.0Hz). Thus, the partial structure neighboring the aldehyde group was indicated to be CH2CH2CHO. The signals at ca. 1.25 and 0.88ppm suggested the presence of methylene linkages and methyl groups, respectively.
In the MSspectrum of the pheromone ( Fig. 2-A), the molecular ion (M+) was not observed. The peak at m/z 140 (C10H20) was regarded as the M+-44fragment as a result of
McLafferty rearrangement4* due to /?-fission of the aldehyde group. Therefore, the molecular weight was 184, corresponding to the formula C12H24O. GLC analyses also indicated that the pheromone was a branched C12-aldehyde. In the Kovats retention index system,5) the value of A/140 of the pheromone was 223 which was in good agreement with those of aldehydes (1-decanal A/140 =228). Hydrogenolytic gas chromatography (HGLC) developed by Beroza and Sarmiento6'7) is a useful method for determining carbon skeletons of a wide variety of organic compounds. With this technique, aldehydes give one-carbon-shortened saturated hydrocarbons as main products along with small amounts of parent hydrocarbons (R-CHO-*R-H).
Thus, the original aldehydes can be determined by characterizing the HGLCproducts. The isolated pheromone was subjected to HGLCusing 1% Pd catalyst at 295°(TCD was used as the detector), and the HGLCproducts were collected with a cold trap (-45°C). The MSspectrum of the main product is shown in Fig. 2 -B. The M+ peak was observed at m/z 156 (CnH24) as expected for the main HGLCproduct. The peak at m/z 127 (M +-29) indicated that at least one methyl group was attached to the C-3 position. Four methyldecanes (2-, 3-, 4-and 5-methyldecanes) were prepared, and their MS, spectra and equivalent chain lengths (ECL)8) were measured. Although the main product and 3-methyTdecane gave very similar MS spectra, they were easily separated by GLC. As shown in Table I , the ECL value of the main product was 10.400, and the carbon number minus ECL was 0.600, which was double that of 3-methyldecane.
Based on these results, the main product was suggested to be 3,7-dimethylnonane (I) or 3,3-dimethylnonane (II). Consequently, the structure of the original pheromone was in-
. Structures IV and V require a sharp six proton singlet due to -(^(CH3)2 in the methyl proton region (ca. 1.0ppm) in the PMR spectrum. However, no sharp singlet was observed in the region in the spectrum of the isolated pheromone (Fig. 1) (5c) with 2-methylbutan-l -al followed by catalytic hydrogenation (Fig. 3) . The GLC and MSdata of the synthetic 3,7-dimethylnonane were identical with those of the main HGLC product of the pheromone (Table 1 and Fig. 2 -B) . These facts excluded the possibilities of structures IV and V.
4,8-Dimethyldecan-l-al (III, 8) was synthesized by the Wittig reaction using 2-methyl-(butan-l-ol (5a) and citronellal as starting materials according to the scheme in Fig. 3 .
a GLC conditions: column, 5% SE-30 on Chromosorb WAW,80-100 mesh, 3mmx2m, col. temp. 80°C, N2 inlet press. 0.9 kg/cm2.
As reported in a previous paper,3} male T. confusumand T. castaneumproduced a common pheromone. Based on these results, the structure of the aggregation pheromone of both species of Tribolium was identified as 4,8-dimethyldecan-1 -al. Isolation and bioassay procedures for the aggregation pheromone. These procedures were described in a previous paper.3) Instrumentation measurements. IR spectra were recorded on a JASCOIRA-1 spectrometer. PMRspectra were measured with a JEOL FX-100 spectrometer using TMS as internal standard (100 MHz, in CDC13). MS spectra were recorded at 20eV on a Hitachi RMU-6M GC-MS system equipped with a 3mmx 1 m glass column packed with 2% OV-1 on Chromosorb WAW (60-80 mesh). GLCanalyses were carried out on a Shimadzu GC-6Agas chromatograph equipped with a FID using glass columns (3mmx2m) packed with 5% SE:30 on Chromosorb WAWor 5% PEG-20M on Diasolid M (both 80-100 mesh), unless otherwise noted. A Yanako G-60 gas chromatograph equipped with a 0.25mm x 20m GSCOTcolumn coated with 2% PEG-20Mwas also used for analytical traces. For preparative GLC, a 6mmx 1 m stainless steel column packed with 5% SE-30 on Chromosorb WAW(80-100 mesh) using an effluent splitter (split ratio=l:20) (FID), or a 5% column (TCD) was used.
Instrumental analytical data of the isolated pheromone. Hydrogenolytic gas chromatography (HGLC) of the pheromone. Forty-five mg of 1% Pd on Chromosorb W (60~80 mesh, neutral catalyst, prepared by the procedure of Beroza7)) was packed into a silanized glass tube (3 mm i.d. x 80mmin length) between quartz wool plugs, which was inserted between the injection port and the column of a gas chromatograph (GC-6A) equipped with a TCD. The temperatures of the injection port, column oven (column: 5% SE-30, 3mmx 2 m) and the detector were maintained at 295°, 100°and 140°, respectively. The carrier gas (H2) flow rate was 37ml per min. After the catalyst was activated by conditioning for 30min at 295°C in H2
carrier gas, a total 140/zg (three injections) of the isolated pheromone was injected through the catalyst, and the hydrogenolytic products (main product: tR 3.50 min) eluted in the time, 2.4 to 5.8min, were collected by trapping with a Teflon tubing (1 mmx 30cm) cooled at -45°C in a dry-ice acetone bath. The tubing was extracted with a small amount of pentane. The MSspectrum of the main product is shown in Fig. 2 -B.
Syntheses of methyldecanes. Four methyldecanes and 2,5-dimethylnonane were prepared by the usual Grignard reaction of corresponding alkyl bromides and methylketones, dehydration of the products with fused KHSO4, followed by catalytic hydrogenation. For example, 3- methyldecane was prepared as follows: Grignard reaction of heptylmagnesium bromide with 2-butanone gave 3-methyldecan-3-ol which was dehydrated with KHSO4to afford a mixture of 3-methyldec-3-ene and 3-methyldec-2-ene. This mixture was submitted to catalytic hydrogenation using PtO2 catalyst and yielded 3-methyldecane.
Synthesis of 3, 7-dimethylnonane. Methylbutan-1-al (0.9 g) was added dropwise. After stirring for 1 hr, the reaction mixture was added to water, and filtered. The ether layer was separated, washed with water and dried over CaCl2. After evaporation of the solvent, the residue was chromatographed on a SiO2 column (Wako-gel C-200, 30g, 2 x 21 cm). 20%), 69 (5%), 70 (100%, base peak), 71 (94.4%). 5) 4,8-Dimethyldecan-l-al (8). Ozone gas was bubbled at 0°C through a CS2 solution of7a (6.1 mg) until all of7a was ozonized, which was monitored by GLC. Triphenylphosphin (8mg) was added to the solution, which was submitted to preparative TLC (developing solvent:
hexane-ether=9: 1, v/v; plate: Merck HF254, 0.5mm thickness, 20 x 20cm). The band of Rf0. 25-0.4 was scraped off and extracted with ether to give 8. Further purification by preparative GLC (5% PEG-20M, 3mm x 2m, 140°C, 1.2kg/cm2; TCD) was done to afford pure 8 (2.5mg).
NMR, see Fig. 1 
